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Non-Technical Summary
Increased globalisation and competition caused more and more firms to relocate part of their R&D activities to foreign countries. This recent trend towards the internationalisation of R&D is motivated by expected gains through a better access to new knowledge, markets and more efficient production technologies. On the other hand, additional costs, e.g. for organising and coordinating dispersed activities, arise from the decentralisation of corporate R&D.
Up to now, the empirical literature provides no evidence whether benefits do outweigh the financial and organisational costs of these international ventures. This research tries to fill this gap. Thus, the main question this paper tries to answer is whether international R&D activities increase firms' future profitability.
In order to shed light on the relationship between international R&D activities and firm's profitability, we compare firms that have both domestic and international R&D with firms that perform R&D only at the home country as well as with firms that do not carry out own R&D activities. Since the internationalisation of R&D is a growing phenomenon in a sense that not only more firms are going abroad but that also the number of foreign R&D centres has raised for many firms, we furthermore evaluate how the degree of internationalisation affects profitability. The degree of internationalisation is measured by the number of countries in which a firm performs R&D abroad.
Our research makes use of information that is provided within the Mannheim Innovation Panel (MIP). The MIP is the official annual innovation survey among German firms, and it is the German contribution to the European-wide harmonised Community Innovation Surveys (CIS). Based on more than 1300 observations, we first of all find that firms performing R&D in year 2005 make significantly higher profits in future years than firms without innovation activities. However, the stimulating effect on profitability is about twice as high for firms with domestic and foreign R&D compared to firms that perform R&D only in their home country.
We can therefore conclude that firms which innovate globally are not only able to realise the benefits of these international ventures but that they are also able to limit the costs and risks.
We furthermore provide evidence that firms with internationally more dispersed R&D operations achieve higher return on sales. However, a moderate number of R&D locations abroad (2-3 countries) seems to be most conducive to profitability. Firms with four or more R&D locations abroad seem to achieve lower profitability gains than medium centralized firms, but the profitability is still about twice as large as the one of firms performing solely domestic R&D.
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Introduction
The profitability of a firm is an essential criterion to measure the effectiveness and success of firm operations. It reflects their ability to operate successfully in the competitive environment and therefore combines the results of firm strategy and execution as well as market response to firm output. In developed countries, the competitive advantage and performance of firms depends to a large extent on their ability to create new and innovative products (Hall, et al. 2009a ).
In the search for new sources of technology and ideas firms increasingly expand their innovative capacities across borders (e.g. Kuemmerle, 1997; Florida, 1997; Granstrand et al., 1993) . This has led to the growing internationalisation of corporate research and development (R&D) activities in the last decade (UNCTAD, 2005) . Firms equip their subsidiaries abroad with R&D departments and set up centres of excellence in leading industry-specific locations.
Due to the proximity to foreign knowledge resources that might not be available in the home country, firms seek to increase the chances to benefit from local knowledge spillovers.
Absorbing and integrating additional knowledge allows firms to build an idiosyncratic knowledge base, improve their innovativeness and as a result to generate competitive advantages and higher profitability (Peteraf, 1993) . Besides tapping new knowledge and searching for more efficient production technologies, firms seek to get better access to new markets and customers when relocating part of their R&D activities to foreign countries. All in all, the internationalisation of R&D reflects the global strategies of multinational enterprises (MNE) and the intention to look for new sources of competitiveness beyond domestic borders. Like any other business process, the internationalisation towards decentralised R&D activities is aimed at strengthening the economic performance of the firm.
Viewing the process to internationalise R&D from the cost perspective, these ventures may be associated with many barriers to profitability gains, ranging from set up costs, foregone economies of scale and scope, coordination costs, costs for intra-firm knowledge transfer, liabilities of foreignness or outgoing knowledge spillovers (Malecki, 1980; Zaheer, 1995; Gassmann and Von Zedtwitz, 1999; Andersson and Pedersen, 2010) .
Hence, from a theoretical point of view, the relationship between international R&D and firm profitability is ambiguous and has to be determined empirically. So far, however, the literature provides no large-scale empirical evidence on the profitability of foreign R&D activities. This research tries to fill this gap by assessing benefits and costs of international corporate R&D activities. More specifically, we address the question of whether international R&D activities enhance future profitability. The answer to this question is naturally important from a managerial point of view since it allows them to assess the success of different corporate R&D strategies. Evidence about the relation between gains and pains of international R&D activities is especially important against the background of growing international competition and a growing trend to carry out R&D globally.
The empirical analysis is based on information collected within the Community Innovation Surveys (CIS) on a large sample of 1364 German companies for the period [2005] [2006] [2007] [2008] . In order to answer our research question, we compare the profit development of firms that have dispersed their R&D processes among foreign countries with that of firms conducting R&D only at home and performing no R&D projects at all, respectively. Comparing profits of firms with or without foreign innovation activities comprises the overall assessment of both arising costs and benefits due to international R&D activities. This approach thus demonstrates a complete view on firms' strategies to internationalise R&D by considering both efforts and results of this business venture.
Our analysis contributes to the scant literature on international R&D and firm performance in the following three aspects. First, compared to previous studies we do not measure firm performance by means of productivity but use profitability instead. The fact that we do not compare the profit contribution of different R&D locations within multinational enterprises but compare different R&D strategies across firms is another main novelty of the paper. In line with the literature that examines the relationship between the degree of multinationality and firm performance, we thirdly investigate how the degree of R&D internationalisation affects profitability.
For this purpose the paper continues in the following sequence: section 2 reviews existing studies in this field of research, and it explores the theoretical frameworks which we use to derive our hypotheses. Section 3 introduces the dataset and focuses on the empirical approach to estimate the profitability of firms with international R&D activities. The estimation results are presented in section 4. Section 5 discusses the findings and concludes with management recommendations.
Literature Review

Internationalisation, R&D and Firm Performance
In a broader sense, our research ties on to two different strands of the literature. The first is the one that deals with the relationship between R&D activities and firm performance.
Inspired by the seminal work by Griliches (1986) , many studies have investigated the impact of R&D on productivity at the firm level. Most studies ascertain a significant positive private return to R&D, ranging mostly between 20 to 30%, and therefore feeding the widespread believe that R&D is a key long-term driving force for competitiveness and growth of enterprises (see the survey by Hall et al. 2009b and the references cited therein). Using different measures of firm performance, Lööf and Heshmati (2006) find that R&D and innovation activities are also conducive to both the level of firms' profits (after depreciation) and the growth rates of profits. The authors confirm such a positive R&D effect for both manufacturing and service firms. Similarly, Czarnitzki and Kraft (2010) find a positive impact of the patent stock on profitability. Innovations thus allow firms to distinguish their products from competitors and as a result of this firms make higher profits (Kotabe et al., 2002) . These studies, however, do not differentiate whether the location of R&D activities matters. Second, our research is related to the extensive literature that has investigated the effects of firms' geographical diversification on their performance (Vernon, 1971; Qian et al., 2008; Hitt et al., 1997; Wan and Hoskisson, 2003; Rugman and Verbeke, 2004; Kafouros et al., 2008; Gande et al., 2009) . While some researchers have distinguished the degree of internationalisation by the number of firms' overseas subsidiaries (Qian et al., 2008; Hitt et al., 1994; Morck and Yeung, 1991) , most studies defined it by using the share of international sales to total sales or foreign assets to total assets (see Qian et al., 2008 and Sullivan, 1994 for an overview). Concerning the measurement of firm performance, most scholars used the ratio of return on assets and return on sales (Sullivan, 1994; Kumar, 1984; Geringer et al., 1989) .
All in all, these studies come up with quite contradicting results ranging from negative or positive linear effects to horizontal s-curved or u-shaped relationships between firms' degree of internationalisation and firm performance (see Qian et al., 2008 and Sullivan, 1994) . More importantly with respect to our research question, these studies do not take into account the kind of activities foreign subsidiaries perform. In particular, they neglect whether firms carry out innovation activities at their foreign subsidiaries. In a recent study, Kotabe et al. (2002) showed that MNEs with higher R&D capabilities (R&D intensity) benefit more from internationalisation. But this study likewise does not distinguish between the locations of R&D activities of MNEs.
Internationalisation of R&D and Firm Performance
Potential Benefits from International R&D
The trend of firms to internationalise has developed from exporting to production and more knowledge intensive business processes. Foreign subsidiaries of MNEs do not act as prolonged sales entities of their mother company anymore but as units that often have implemented whole value chain processes including own R&D activities. Basically, the literature invokes two streams of motives to explain why firms expand their R&D activities to foreign countries around the world (e.g. Kuemmerle, 1997; Florida, 1997; Granstrand et al., 1993) :
Foreign R&D activities are often a requirement of attractive markets in order to serve them with appropriate technologies and designs. Such demand-oriented motives result from the necessity to customise certain products to different foreign preferences, requirements or legal regulations. By tailoring products to local requirements, firms aim to enlarge their market size and generate higher profits by leveraging R&D outcomes across borders.
Supply-oriented motives are prevalent if firms want to make use of resources at foreign locations that are not available in the same quality or quantity as in the home country. In particular, resources such as knowledge and skilled employees drive firms' decision to perform R&D activities abroad. Having R&D departments in multiple countries enables firms to benefit from the pool of global knowledge resources. Foreign subsidiaries are usually embedded in local networks with customers, suppliers and competitors and are therefore linked to local knowledge, ideas and know-how (McEvily and Zaheer, 1999) . Proximity to foreign knowledge sources enables foreign subsidiaries that carry out R&D activities to integrate the knowledge from the foreign business environment into their own innovation process either through co-operations or through incoming knowledge spillovers (Frost, 2001 ).
Absorptive capabilities (Cohen and Levinthal, 1989) and knowledge sharing infrastructure allow firms to assimilate the foreign knowledge and enhance the learning process of the whole organization (Zahra and Hayton, 2008) . Following the perspective and assumptions of the knowledge-based view, firms are bundles of knowledge and work as knowledge integrating institutions (Grant, 1996) . Based on their corporate knowledge base, they can develop competitive advantages. In particular, the extent of competitive advantages depends on the uniqueness of the knowledge base. In this vein, multiple sources of knowledge open up better possibilities to firms to build an idiosyncratic knowledge base which incorporates additional knowledge, capabilities and know-how. Firms may increase their innovativeness by drawing upon this larger and improved knowledge base and can as a result develop and exploit competitive advantages. Increasing competitiveness and as a consequence also profitability are of course the final objectives of the strategy to internationalise corporate R&D.
Recent empirical evidence has confirmed that domestic firms benefit on average from foreign R&D activities by improving upon their innovation performance. Using a sample of MNEs performing R&D abroad, Iwasa and Odagiri (2004) ascertain a positive contribution of international innovative R&D on patent output. Comparing firms with and without international R&D, it has been shown that firms with foreign R&D produce more patents (Penner-Hahn and Shaver, 2005) , are more successful in generating product innovations and achieve a higher innovation success in terms of higher sales growth rates due to new products than firms having only domestic R&D activities (Peters and Schmiele, 2010) . A related stream of literature examines the innovation performance of R&D laboratories abroad and its drivers. Ambos and Ambos (2009) found that R&D facilities in Non-Triad countries are less innovative and to a lesser degree (horizontally) integrated than foreign labs in Triad-nations.
This relates to the finding of Phene and Almeida (2008) who identified knowledge from host country firms to increase the scale (number of patents) and quality (number of citations received) of subsidiary innovation. Furthermore, the relationship between the size of an R&D site abroad and the performance of the lab turns out to be concave (Kuemmerle, 1998) . Grevesen and Damanpour (2007) corroborate that knowledge sharing infrastructure in firms has a strong positive impact on innovation performance of foreign R&D subsidiaries.
Costs of International R&D Activities
Depending on the organization of R&D activities, different costs may arise. In general, the management of international dispersed R&D activities is characterized by a significantly higher degree of complexity than local R&D management (Gassmann and Von Zedtwitz, 1999) . On the one hand, a centralized organization is assumed to cause higher transaction costs (Coase, 1937; Williamson, 1985) , costs to run information systems, opportunity costs for not responding to foreign market preferences and ignoring foreign resources. Running R&D facilities abroad on the other hand involves various risks and costs since the internationalisation of R&D naturally represents a decentralisation of corporate innovation activities.
Besides direct set-up and infrastructure costs, the loss of economies of scale and scope are the primary concerns when R&D activities are decentralized (Malecki, 1980) . Economies of scale may arise if the research equipment is indivisible or if a critical mass of researchers is needed for a relatively efficient R&D (Mansfield et al., 1979) . Wallmaak et al. (1973) and Silverman, 2004) . But since knowledge produced in different R&D locations is aimed to be shared across the whole organization, a certain degree of coordination is necessary (Leiponen and Helfat, 2010) . Because monitoring R&D activities abroad is much more difficult in distant locations, coordination is particularly important to avoid additional inefficiencies due to duplicative and redundant R&D projects that are more likely in rather decentralised international R&D structures (Gassmann and Von Zedtwitz, 1999) . All in all, the international decentralisation of corporate R&D activities urges innovative firms to tighten their control over foreign activities especially because R&D activities represent their core competences. On the other hand, firms have to balance the likely benefits of coordinating research against the loss of independence and presumable innovativeness of foreign R&D laboratories.
Closely related is the argument that firms may be confronted with intra-firm knowledge losses. Researchers are most likely to share their knowledge when they work close to each other. More generally, knowledge spillovers are taking place rather within greater proximity than across long distances (Jaffe et.al., 1993; Branstetter, 2001 ). This finding can partly be explained by the characteristics of knowledge itself, i.e. the fact that new knowledge produced by research is often complex and is in part tacit and not codifiable (Zander and Kogut, 1995; Szulanski, 1996) . Another reason might be that division R&D managers may have little incentive to transfer knowledge across divisions, for instance if their compensation is tied to the performance of their divisions (Kay, 1988; Leiponen and Helfat 2010) . As a result, firms may be confronted with a situation in which the knowledge existing in the R&D centres is stuck within national borders. To overcome this problem, decentralised R&D structures require a high level of organisational costs related to managerial attention, efforts to establish knowledge sharing infrastructure, a strong facilitation of knowledge flows, for instance through knowledge exchanges and the establishment of incentives mechanisms to integrate subsidiary knowledge into the organizational knowledge base. Firms that have a small number of R&D centres abroad might be less affected from these organisational problems than firms which have a global network of subsidiaries with R&D mandates (Gassmann and Von Zedtwitz, 1999) . Foreign business environments confront firms with additional complexity. The costs which arise from unfamiliar business environments (Hymer, 1976) are summarized in the concept of liabilities of foreignness (Zaheer, 1995) . These costs result from cultural, political and economic differences which confront firms with unexpected situations and extraordinary risks. Furthermore, larger communication and organization costs due to the greater distance as well as a lack of networks and contacts constitute disadvantages in comparison to local firms abroad (Zaheer and Mosakowski, 1997) . Therefore, liabilities of foreignness, as for example too much trust in formal contracts or local R&D partners, are supposedly affecting the performance of firms with international R&D activities. In certain countries contracts are rather based on personal relationships and the respect of intellectual properties and their legal enforcement is not that embedded (Yang, 2005) . The more the host country's culture differs from the culture of the firm's home country the higher these costs might be. Cultural distance is also emphasized by Hutzschenreuter and Voll (2008) as a driver of additional complexity in international expansion which evidently reduces firm performance.
All in all, the international phenomenon of decentralising R&D to foreign locations and specifically the tendency to an increasing number of R&D locations abroad seems to worsen the corporate firm performance by raising various additional costs.
Benefits versus Costs of International R&D -Hypotheses
In a theoretical approach Sanna-Radaccio and Veugelers (2007) combined both perspectives on international R&D: benefits and costs. They highlight that shifting R&D expenses abroad implies a cut in the R&D budget at home (in the short run with fixed budgets) and therefore lowers the profitability of the parent company. This negative effect is at least partly offset by knowledge gains. Firms' profits from international R&D thus strongly depend on two characteristics: i) on the knowledge transfer efficiency between the subsidiaries and the parent company and ii) on the extent to which incoming knowledge spillovers from the foreign business environment exceed outgoing spillovers. Therefore, the influence of the symmetry between costs and benefits resides to a major extent in the hand of firms in terms of optimising knowledge flows and limiting knowledge spillovers to foreign competitors. If the firm can master the risks of local competition and knowledge leakage and encourage international incoming knowledge spillovers, then a positive impact on profits can be expected.
Since the relation between the gain and the pain of international R&D remains theoretically ambiguous, it has to be determined empirically. We formulate two sets of hypotheses.
Following the knowledge-based view, we hypothesize that firms that set up R&D facilities abroad benefit from a better access to foreign knowledge pools that increase their innovativeness and subsequently their competitive advantage and profitability. In this vein, a stronger decentralisation of R&D should increase profitability as it allows firms to tap and combine knowledge from multiple sources. We implicitly assume that these firms possess an appropriate amount of resources and intercultural experience to set up both sufficiently efficient intra-firm coordination and knowledge transfer mechanisms and sufficiently efficient knowledge protection methods to prevent outgoing knowledge spillovers.
H1a: The benefits outweigh the costs of international R&D and lead to a greater profitability of firms with international dispersed R&D activities compared to firms
which perform R&D only at the home base.
H2a: Firms that have dispersed their R&D activities in a wider range of foreign locations benefit from the access to a greater knowledge pool and as a result they make higher profits than firms which concentrated R&D activities in a small number of locations abroad.
The alternative hypotheses follow the arguments of foregone economies of scale and scope, outgoing spillovers, liabilities of foreignness, added cultural distance and increasing organisational costs:
H1b: International R&D activities drive corporate costs extraordinarily high, so that costs exceed benefits and therefore affect the firm profitability negatively compared to firms which perform R&D only at the home base.
H2b: Firms that have dispersed their R&D activities in a wider range of foreign locations incur proportionately high costs and thus larger losses in profitability than firms which concentrated R&D activities in a small number of locations abroad.
Sanna-Radaccio and Veugelers (2007) stated that the profitability of foreign R&D activities decreases with strong host product market competition. With strong product market competition local rivals exhibit a stronger absorptive capacity which increases the risk of knowledge leakage. This raises the cost of outgoing knowledge spillovers and reduces profitability if spillovers are asymmetric (sufficiently in disfavour of the MNE).
H3:
The profitability of foreign R&D activities declines with strong competition on the host product market.
Empirical Evidence
Studies which have examined the effects of international R&D activities on firm performance -to the best of our knowledge to-date -have investigated the impact on productivity growth.
In this vein, Mansfield (1984) ascertained for a sample of 15 US MNEs that foreign R&D has a positive impact on productivity of home-country US plants. Fors (1997) , however, could not confirm this result for Swedish MNEs. He found that both R&D at home and R&D at foreign subsidiaries show the same rate of return on productivity growth for the respective firm entity.
Furthermore, he provided evidence that R&D performed at home increases productivity in foreign plants. However, there is no indication of a knowledge transfer in a sense that home plants benefit from R&D abroad. Fors argued that this finding can be expected if foreign R&D is mainly adaptive, i.e. geared towards the exploitation of existing knowledge.
However, due to data constraints he was not able to cope with different types of R&D activity in foreign subsidiaries. Todo and Shimizutani (2008) approached this research gap by analyzing the effects of adaptive and innovative (knowledge augmenting) R&D activities abroad on productivity growth in the home country. Using data for Japanese MNEs, they found a positive impact of innovative R&D on home productivity growth. In contrast, adaptive foreign R&D does not raise the parent firm's productivity growth. Interestingly, they did not detect any positive interaction between home and foreign R&D activities on parent firm's productivity growth.
Our aim is to contribute to the scant literature on international R&D and firm performance in the following aspects: First, instead of focussing on productivity performance, the present paper is aimed at investigating how firms' profitability is influenced by international R&D activities. Furthermore, we investigate how the degree of R&D internationalisation affects profitability.
Data and Empirical Implementation
Data
For the empirical test of our hypotheses we need firm-level information about corporate R&D activities in the home and host countries and data about the development of firm profitability. 2 Since the MIP is designed as a panel, it allows us to merge firm-level information across different waves, using distinct identifying numeric codes for surveyed firms. More detailed information about the data can be found in Peters (2008) or Peters and Schmiele (2010) .
In the present paper we make use of two survey waves from the MIP panel. 
Dependent Variable
We aim at measuring the impact of international R&D activities on future profitability. Since it takes time to translate research efforts into new products or processes, success variables like profitability need to be measured in appropriate time after the operations, to be evaluated where executed. In order to create a sufficient time lag between the R&D activities abroad and the performance indicator, we employ the latest available survey data to measure profitability. That is, we use the 2009 survey that includes firm profitability in 2008. Since empirical evidence has pointed towards the fact that firms tend to carry out rather applied instead of basic R&D at foreign locations, a three-year time lag between research efforts and performance indicator seems to be reasonable. This approach might also alleviate potential endogeneity problems due to simultaneity of the decision to locate R&D and profitability that would arise in a cross-sectional analysis.
Profitability is measured using profit margins, more precisely the earnings before taxation as a share of total sales in 2008. The return on sales has been captured in the survey by offering the respondents the possibility to choose their answer from a set of eight possible categories (<0%, 0% -<2%, 2% -<4%, 4% -<7%, 7% -<10%, 10% -<15%, >=15%, unknown). By using this information we create a time lag of three years between our dependent variable (profitability in year 2008) and the foreign R&D activities in 2005.
Explanatory Variables
Measuring Domestic and International R&D Activities
The main focus of our paper is to evaluate firms' strategies to locate R&D activities abroad.
In order to test the first two hypotheses, we include two binary variables (see Table 1 As already pointed out in the literature review, the total benefits and costs may vary with the extent of foreign R&D activities. For instance, on the one hand a greater number of R&D locations abroad imply a better chance to source knowledge from a wider range of locations.
On the other hand it may increase coordination costs. In order to be able to investigate the effect that international R&D intensity exerts on firm performance, we also include three dummy variables that capture the degree of R&D internationalisation. Similar to previous studies in the research field of firm internationalisation and firm performance, we define the degree of R&D internationalisation by using the number of countries in which the firms run R&D laboratories. We receive the information about the number of countries in which the firms operate their R&D activities from the MIP survey. We distinguish between centralized, medium decentralized and decentralized foreign R&D activities in accordance with a situation in which a firm carries out R&D in one, two to three and more than three foreign countries. 
Control Variables
The estimation additionally includes a number of firm-level control variables that previous research had linked to profitability. by fast outdated products (fast obsoletion). The sign of this variable is a priori unclear. Firms operating in markets where products become rapidly obsolete due to strong technological competition might charge higher prices and earn higher profits since the expected time to reap benefits from innovative products is shorter. On the other hand, strong competition might prevent them from earning higher profits. We further include the firm's market share that reflects market power. Higher market shares are expected to alter the level of sales and profitability and therefore need to be accounted for. Since firms could tick a box in the survey if their market share is below 0.1%, we set the market share to zero for these firms and additionally create a dummy variable to account for the truncation effect (market share truncated). Similarly, we create a dummy variable for those firms for which this information is missing (market share missing).
The estimation also contains a dummy variable that indicates whether the firm exports to foreign markets in the year 2005 (exporter). By and large, the literature on exports and firm performance provides evidence that a positive correlation between exports and firm performance is due to the fact that the best performing domestic firms self-select into international markets (Bernard and Jensen 1999; De Loecker, 2007) . A similar argument might be effective in case of international R&D. Past profitability is likely to be correlated with future profitability (Geroski and Jacquemin, 1988) and it might also be correlated with the decision to perform R&D abroad in a sense that the most profitable firms self-select into the sample of international R&D performing firms. In this case, omitting past profitability would render the variable international R&D endogenous. We account for past profitability by including eight dummy variables that measure firms' profit margins in 2005.
Another set of controls are two dummy variables that are intended to capture the effect of marketing and organisational innovations on firm profitability. Marketing efforts of firms have been proved to enhance the operational performance of multinational firms (Kotabe et al., 2002) . The introduction of new brands, sales channels, designs and pricing strategies might enable firms to distinguish their products from competitors and as a result to reap higher profits. Similarly, organisational innovations such as (changes in) knowledge management, customer relationship and alliance management might stimulate firm profitability.
In addition, we control for firm size (number of employees in 2005), the degree of diversification of firms' production and the capital intensity. The capital intensity points to the level of assets which, when they are used efficiently, contribute to firm performance (Harris, 1988 
Descriptive Statistics
Our estimation sample that we retain from merging the information of two surveys and removing firms with missing values consists of 1364 firms. Table 6 The descriptive statistics that are given in Table 7 in the Appendix elicit the degree of internationalisation in German companies. Despite the increasing trend to internationalise R&D in Germany (Rammer and Schmiele, 2008) , it turns out that firms still predominately perform R&D in their home country. 28% of the firms carried out R&D activities only within Germany whereas 17% of the sample firms conducted R&D activities in their home country as well as abroad. Nearly 50 % of the firms that have established R&D facilities abroad run one foreign R&D centre (8% of sampled firms). About 5% of firms with international R&D activities have chosen locations in two or three foreign countries whereas approximately 3% of the sampled firms set up R&D laboratories in four or more countries abroad. The sample further includes about 38% firms without any innovation activities. The reference group in our estimations represents firms that are involved in innovation project without performing own intramural R&D (18%).
Since profitability is a categorical variable in the data set, Figure 1 indicates the distribution of profitability across different groups according to their innovation strategy. It turns out among firms with domestic and foreign R&D the proportion of firms in each of the upper three classes is larger than for the other three groups. A Pearson test on independence of profitability and innovation strategy rejects the null hypothesis that both variables are independent. As we will show in the next section, the estimated average return on sales turns out to be 5.6% in our sample. 
Estimation Method
Empirical Results
The results of six different estimation models are shown in Table 3 . The first striking result is that both firms with domestic R&D activities as well as firms with international (domestic & foreign) R&D activities show a significantly higher profitability as measured by the return on sales. It can be seen that these profitability effects are consistently significant across all model specifications I-V, even after controlling for firm size, past profitability and many other firmlevel variables. Whereas the magnitude of the effect of domestic R&D is nearly unaltered as a result of the inclusion of additional explanatory variables, the effect of foreign R&D is getting somewhat smaller (it declines from 2.99 to 1.87). This implies that the observed higher profitability of firms with foreign R&D activities in the first specification can in part be explained by other variables such as past profitability, group status, industry or market share.
As already explained, in the ordered probit model with known thresholds the estimated coefficients can be interpreted as marginal effects like in the standard linear regression model.
Based on model IV, the results demonstrate that purely domestic R&D activities raise return on sales by roughly 1% point. Firms that perform R&D activities also abroad achieve a profit margin that is roughly 1.9% points higher compared to innovative firms without own R&D.
To assess whether this effect is large we compare it with the average return on sales.
Estimating the model with a constant only yields an estimate of the average unconditional profitability which in our sample amounts to 5.57%. Compared to that overall figure, an increase of 1.9% point seems to be relatively large. This is also true compared to the effect of other binary variables such as ownership or export.
More importantly with respect to our research question, the positive profitability effect is significantly stronger for firms with both domestic and global R&D activities than for firms carrying out solely domestic R&D. As depicted in Table 3 , we tested on statistical equality of both coefficients but rejected the hypothesis that they are equal. The dominant influence of foreign R&D is consistent across all models I-IV. The results thus confirm hypothesis H1a which states that the benefits of international knowledge sourcing outweigh the operational costs of foreign R&D activities as well as the risks of IP losses.
Based on their theoretical model, Sanna-Radaccio and Veugelers (2007) stated that the risk of knowledge leakage increases and thus profitability declines with strong product market competition in foreign markets. To test this hypothesis (H3), we interact foreign R&D activities with a variable indicating the strength of foreign competitors in model V. We find the expected negative sign of the interaction term; however it turns out to be not significant.
Hence, we cannot support hypothesis H3.
In our last model VI we examine the effect of international dispersed R&D activities on firm profitability. The estimation elicits some interesting results. Only medium-centralised firms with two or three R&D locations abroad and decentralised firms with R&D in four or more countries make significantly higher profits out of their international R&D ventures. Compared to firms conducting purely domestic R&D, this difference is again significantly larger. On the contrary, we do find a positive but not significant effect for firms having just one foreign R&D site. Firms with centralized foreign R&D activities do not outperform domestic R&D performers, and they perform significantly worse compared to firms with medium centralised and decentralised foreign R&D. 4 Our finding indicates that firms with just one R&D location abroad either absorb less knowledge from their foreign environment and/or that they failed to establish efficient knowledge transfer and coordination mechanisms. Since the data at hand do not provide information on such mechanisms we admittedly cannot differentiate between these explanations. But obviously, firms with more R&D locations abroad have learned how to effectively manage those ventures. By and large, our results are consistent with hypothesis H2a postulating that profitability increases with the number of foreign R&D locations.
Another interesting finding is that the gain in profitability is larger for firms with two or three R&D locations abroad, which we labelled medium centralised foreign innovators (+3.5% points), than for firms that innovate in four or more different countries (+2.7% points).
Though we cannot prove that this difference is statistically significant in our sample, it gives at least some indication that the relationship between the degree of R&D internationalisation and profitability might be inverse u-shaped. This would be consistent first with the observation of Gassmann and von Zedtwitz (1999) who reported that MNEs tend to recentralise international R&D activities and rather establish an integrated R&D network with a smaller number of leading R&D labs and second with a recent finding showing that the relationship between innovation outcome and the degree of internationalisation is inverse ushaped (Peters and Schmiele 2010) . All in all, this question needs to be addressed in future research.
As for our control variables, we find that firm performance is negatively related to firm size.
This result seems surprising since the literature provides evidence that firm size increases the likelihood of doing innovation activities abroad (Schmiele, 2009 ) but reduces the outlook of a higher return of sales. The estimation further provides evidence that firm profitability is highly persistent over time. The coefficients of past profitability are highly significant and increasing in magnitude across the profitability categories. Hence, firms that had a higher profitability in the past also make significantly higher return on sales in the current period 2008. We also find that firms operating in markets where products become rapidly obsolete due to strong technological competition earn smaller profit margins. On the other hand, firms having a higher market share and a more diversified product range can enhance their performance. To be continued on next page Note: *, ** and *** indicate significance at the 10%, 5% and 1% level.
The results furthermore demonstrate that firms belonging to a group with headquarter abroad show higher profitability than all other firms. On the one hand, it is not surprising that they outperform unaffiliated firms or firms belonging to a national group since it is likely that the best performing foreign firms enter the German market by acquiring German firms and that they transfer efficiency gains to their subsidiaries in Germany (Dunning 1981; Helpman et al. 2004 ). Based on this rationale, however, it is surprising that they perform much better than firms belonging to German multinationals. The coefficients of the industry dummies show that in general firms from all three manufacturing industries achieve higher return on sales than service firms, including knowledge-intensive services firms.
To check the robustness of our results, we perform several sensitivity analyses which are summarized in Table 5 . First, we investigate whether the results hold when we choose a different time lag. It turns out that the main conclusions still hold when we use a two-year lag for profitability. However, the estimated effect of foreign R&D is smaller compared to our previous results. This is not surprising because, as already said, it takes some time to translate research efforts into innovation outcome and thus to make profits out of R&D activities.
Interestingly, firms with domestic R&D show a positive but not significant coefficient in this estimate. This could point towards the fact that foreign R&D also increases the speed of translating research into new products or processes. Using a one-year time lag, it turns out that neither domestic nor foreign R&D activities raise profitability. This is again consistent with the view that R&D is a long-term investment.
Second, we check what happens when we exclude German firms that belong to a foreign multinational group. Foreign R&D activities of those firms might be quite different and might drive our previous results on the effectiveness of foreign R&D. However, we find the result of a stimulating effect of foreign R&D activities confirmed in the reduced sample.
Next, we exclude very small firms (less than 100 employees). These firms rarely have foreign R&D activities and though we control for firm size in our main specifications, the results on foreign R&D activities might in part also reflect a size effect. However, the results corroborate our previous findings.
Finally, we check for heteroskedasticity. We specify group-wise multiplicative heteroskedasticity of the form
, where z denotes a vector of variables possibly causing heteroskedasticity. Originally, we use all survey stratification variables (i.e. dummy variables for East Germany, 25 industries and 8 size classes), since stratification of the survey leads to heteroskedastic error terms. However, it turns out that the dummy for East Germany was not significant and we decide to leave it out. In the heteroskedastic ordered probit model the parameters  have to be estimated as well. The likelihood ratio test rejects the assumption of homoskedasticity. However, the overall results are nearly unaltered compared to the homoskedastic model. Note: *, ** and *** indicate significance at the 10%, 5% and 1% level. The full set of control variables was included in the regressions but not reported. Ln sigma indicates the results for the variance estimation. We only report tests on joint significance of industry and size dummies of this equation.
Conclusion
This paper aimed to evaluate the relationship between costs and benefits that result from international R&D activities. From a theoretical point of view there is no clear indication whether the gains of R&D activities abroad in terms of a presumably increasing innovation output and additional knowledge creation outweigh the pains of R&D internationalisation related to financial, organisational costs, foregone economies of scale and scope and outgoing knowledge spillovers. We have utilised a comprehensive data set which incorporates cross section and time series information to carry out an empirical analysis on this matter. R&D internationalisation is a firm strategy that is adapted and extended by an increasing number of firms. Hence, we furthermore investigated how firms that have spread their R&D activities across multiple countries differ in their profitability in comparison to firms that have chosen a moderate number of countries in which they operate R&D activities.
All in all, our results tell a rather clear story. We consistently find that R&D activities abroad are conducive to firms' profitability. We likewise ascertain a stimulating effect for firms with purely domestic R&D activities. But the results confirm that firms with both domestic and international R&D experience a stronger effect on return on sales. We can therefore conclude that firms which innovate globally are not only able to realise the benefits of these international ventures but that they are also able to limit the costs and risks. We furthermore provide evidence that firms with internationally more dispersed R&D operations achieve higher return on sales. Though due to data limitations the evidence is admittedly weak, the estimation results lead us furthermore to the conclusion that a moderate number of R&D locations abroad seems to be most conducive to profitability. Firms which have established R&D laboratories in two or three countries receive the highest return from their foreign R&D efforts. Firms with four or more R&D locations abroad seem to achieve lower profitability gains than medium centralized firms, but the gain is still about twice as large as the one of firms performing solely domestic R&D. As already pointed out, further research on the hypothesis of an inverse U-shaped relationship between the degree of R&D internationalisation and profitability seems to be necessary.
One aspect of the analysis is worthy to note. In our sample, international R&D performers always carry out R&D at home as well. This implies that the observed higher profitability of firms pursuing an international R&D strategy might be attributed to two different sources.
Either R&D abroad itself is more beneficial than domestic R&D or foreign R&D is as beneficial as domestic R&D but firms may realise additional synergy (complementarity) effects if they perform R&D at home and abroad. Due to the above mentioned data constraints we unfortunately cannot distinguish between these two sources. This is an open question that remains for future research.
One academic intention of this paper was to fill an essential gap in the literature. Our results draw attention to the extensive research about the motives, organisation and management of international R&D. So far there have been few efforts to describe the benefits of global R&D centres but these attempts have often used patent data which have several limitations to measure benefits (Griliches, 1990) . Furthermore, these studies have been narrowly focussed either on the costs or on the benefits of international R&D. This study was aimed to combine both views and to provide empirical evidence to managers who face both perspectives in their business. To conclude, R&D location matters for profitability. Sourcing knowledge abroad is beneficial to firms' operational profits and indicates that firms which undertake global R&D efforts may also grow faster than firms that rely on domestic R&D. However, there is a threshold in the number of locations beyond which firms cannot increase their profitability anymore (and might experience a decrease in profits) 
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